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Synopsis 
 
Researchers at Queensland University of Technology have recently commenced a 
study into the impacts of large freight vehicles on urban traffic networks. This paper 
presents preliminary findings of the PhD project investigating those impacts. Multi-
combination vehicles (MCVs), comprising road freight vehicles consisting of a prime 
mover towing two or more trailers, are becoming more prevalent on Australia’s road 
networks in both rural and urban areas. Although requiring fewer vehicles to perform 
the same freight task compared to smaller vehicles, the greater delay caused by 
these vehicles at urban intersections needs to be considered. This delay is attributed 
to the poorer acceleration capability and greater length of MCVs. A model has been 
developed to predict the acceleration capability of MCVs and was validated against a 
range of full-scale tests conducted elsewhere. The resultant effect on delay and 
capacity at signalised intersections is also studied. 
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INTRODUCTION 
Multi-combination vehicles (MCVs) are freight-carrying vehicles that consist of two or 
more trailers hauled by a prime mover unit. The greater productivity of one type of 
MCV, the B-double, has lead to a rapid adoption since their introduction following the 
Review of Road Vehicle Limits (RORVL) Study (NAASRA 1985). Currently, 
B-doubles are responsible for a large proportion of road freight in Australia’s rural 
and (more recently) urban environments. 
The impacts of vehicles as large as MCVs upon urban arterial traffic corridors have 
not widely been studied, primarily due to their relatively recent introduction and the 
scarcity of these vehicles elsewhere in the world. The poorer acceleration capability 
and increased length of MCVs have widely been suggested as contributors to delay 
and congestion in urban areas. 
PROJECT BACKGROUND 
In December 2002, the School of Civil Engineering at Queensland University of 
Technology commenced an in-depth investigation into the traffic-related impacts of 
large freight vehicles in urban areas. This research project is being undertaken under 
an Australian Postgraduate Award Industry with the support of Queensland 
Department of Main Roads. 
There are two distinct components to this research. The first, undertaken as a Master 
of Engineering study, will examine the road space requirement and lane-keeping 
behaviour of other road users around a large freight vehicle in an urban road context. 
The second component, undertaken as a PhD thesis, will produce a methodology for 
quantifying the traffic-related impacts of large freight vehicles on urban arterial traffic 
performance. 
This paper presents preliminary findings on the progress completed to date on the 
PhD thesis, and outlines the scope for the remainder of the project. 
USE OF MCVS 
The greater freight efficiency and productivity of MCVs and in particular B-doubles 
has lead to a rapid adoption of them by the Australian road freight industry. 
Considering that B-doubles were only introduced into Australia following the Review 
of Road Vehicle Limits (RORVL) study (NAASRA 1985), they now account for a large 
proportion of the road freight carried between capital cities on the Australian eastern 
seaboard. The Survey of Motor Vehicle Use (ABS 1972-2003) has tracked the 
numbers of and distances travelled by road freight vehicles over the past decade 
and, as shown in Table 1, the use of B-doubles is growing faster than other vehicle 
types. 
As part of a study of greenhouse gas emissions from transport, the Bureau of 
Transport and Regional Economics has forecast a continued growth in articulated 
truck usage through to the year 2020 (BTRE 2002). Results are shown in Figure 1. 
Although not disaggregating data into various types of articulated vehicles, it would 
be expected from the SMVU data that B-doubles would play a large part in this 
continued growth. 
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Table 1 – Amount of freight carried by different vehicle types, 1998-2001 
 Millions of tonne-kilometres of freight carried in Australia 
Vehicle type Year 
 1998 1999 2000 2001 
2-axle rigid trucks 8,694 9,420 9,058 9,736 
3-axle rigid trucks 10,757 12,043 12,709 12,932 
4 or more axle rigid trucks 2,041 1,805 2,035 2,213 
Single axle articulated vehicles 269 233 188 218 
Tandem axle articulated vehicles 4,412 4,489 5,166 4,891 
Tri-axle articulated vehicles 52,623 52,664 50,421 50,865 
B-doubles 12,644 19,259 22,131 26,387 
Road trains 15,444 19,974 18,269 16,865 
Other 1,500 2,501 3,248 2,667 
Source: ABS(2000-2003) 
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Figure 1 – BTRE forecast freight growth in Australia, 1990-2020 
Much of the appeal of B-doubles for inter-capital operations is their accessibility to 
urban traffic corridors. All Australian capital cities have designated major freight 
routes that are considered by their relevant state road and transport authorities to be 
capable of safely accommodating B-doubles. These major freight routes also tend to 
carry the vast majority of passenger transport in their respective cities. Regional 
centres also have similar problems, often having to accommodate larger road trains 
as well as B-doubles. The recent opening of the Pacific Highway between Brisbane 
and Sydney to B-doubles has lead to an increased awareness of the traffic related 
problems of MCVs in regional centres on the New South Wales north coast. 
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THE THESIS 
This study aims to provide a methodology for quantifying the traffic-related impacts of 
MCVs on urban arterial traffic corridors. It is accepted that individual MCVs have the 
capability of greater disruption to urban traffic flow than for relatively smaller freight 
vehicles, however fewer vehicles are required to perform the same freight task. As 
such, traffic related impacts need to be considered relative to the freight task being 
conducted, not just on an individual vehicle basis. The project is seeking to determine 
whether a road freight mode switch towards MCVs has contributed to a change in 
urban arterial traffic corridor performance. 
In addition, various policy issues will be explored that may lead to a minimisation of 
these traffic impacts. The effects of various options, such as signal coordination 
along a freight route, on traffic performance for MCVs and for other vehicles will be 
examined. 
REVIEW OF MCV IMPACTS ON URBAN ARTERIAL TRAFFIC 
A review of the existing literature related to truck operations in urban areas revealed 
that only limited work had been conducted on vehicles as large as MCVs operating in 
urban arterial traffic corridors. Most of the relevant material was for smaller freight 
vehicles in urban areas, or for MCVs in rural or remote areas. 
Passenger Car Equivalents 
Traditional traffic modelling often relies on an assumption of homogeneity of traffic. 
Effects of non-standard vehicles, such as trucks and buses or even rickshaws and 
bicycles are accounted for by assuming they are equivalent to a fixed number of 
‘standard’ passenger cars. Passenger car equivalents (PCEs) are used in the 
Highway Capacity Manual (HCM) (TRB 2000) for various applications, from the 
calculation of length of climbing lanes in rural highway design through to the 
derivation of saturation flow rates in signalised intersection design applications. 
PCEs are derived from the ratios of average headways of non-standard vehicles to 
those of passenger cars. In rural operations a greater headway develops in front of a 
slow truck on a grade with limited overtaking opportunities, at urban signalised 
intersections the slower acceleration of a truck will also lead to a greater headway. 
The HCM is primarily used for traffic in the United States, which has relatively fewer 
MCVs than Australia – particularly in urban areas. As such PCEs are not given for 
MCVs, and values for tractor/semi-trailers are often used instead. Australian design 
guides also use PCEs in the calculation of saturation flow rates at signalised 
intersections – a PCE value of 2 is recommended for all heavy vehicles, regardless 
of size. This value can be traced back to pioneering work by Miller (1968), well before 
the first MCV stopped at a signalised intersection. 
In recognition of this discrepancy between current vehicles and design practice, 
Haldane and Bunker (2002) conducted a series of experiments to estimate PCE 
values for current MCVs. In the simulated environment of a signalised intersection, 
saturation headways were recorded as vehicles accelerated from the stop line. As 
presented in Table 2, PCE values of MCVs and of a current full-sized articulated 
vehicle were greater than the current design value. 
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Table 2 – Movements and PCEs for vehicles carrying 1,000 t of freight 
 
Test Vehicle (length) 
Passenger Car 
Queue Equivalence 
Movements / 
1,000 t 
Intersection 
PCEs / 1000 t 
6-axle articulated truck (19m) 3.3 37 178 
B-double (23m) 3.9 31 172 
B-triple (30m) 4.9 22 149 
Triple Road Train (41m) 6.4 15 112 
Source: Haldane and Bunker(2002) 
Haldane and Bunker also quantified the productivity gains associated with MCVs for 
the performance of a given freight task. Table 2 also shows the reduction of vehicle 
movements and of intersection PCEs for the carrying of 1,000 t of freight by the use 
of larger MCVs. 
Signalised Intersections 
Various authors have proposed that PCE values at signalised intersections, as well 
as being too low for current vehicles, also depend on the current traffic conditions 
and on the manoeuvre being conducted. Molina (1987) found that 5-axle tractor 
semi-trailers had the greatest PCE when at the head of a queue at a signalised 
intersection, whereas for smaller vehicles, the PCE was essentially independent of 
the vehicle’s position in the queue. Cuddon and Ogden (1992) found that left- and 
right-turning traffic had greater headways and hence greater PCEs than through 
traffic. 
In recognition that the current definition of PCEs, being headway-based, only 
indirectly accounts for the delay caused to other road users, Benekohal and Zhao 
(2000) proposed an alternative delay-based PCE definition. For 10 sites studied in 
Illinois, calculated delay-based PCEs ranged from 1.07 to 1.47 for single unit trucks 
and from 1.19 to 1.81 for combination trucks. The variation in this measure with 
extant traffic volumes limits its application. 
Unsignalised Intersections 
MCV routes in urban areas are usually selected so as to avoid merges or crossings 
by MCVs at unsignalised intersections, or unprotected turns at signalised 
intersections. Despite this, it is appropriate to briefly mention a local study into the 
behaviour of heavy vehicles at unsignalised intersections. Troutbeck (1993) 
conducted a study of vehicle merging at a major roundabout in Brisbane (Breakfast 
Creek and Montpelier Roads). It was found that cars merging into the circulating 
stream tended to have a smaller critical gap in front of other cars (5.37 s) than in front 
of trucks (6.60 s). Interestingly, trucks merging had an even smaller critical gap in 
front of cars (5.14 s) than cars did, and an even larger critical gap (7.36 s) in front of 
other trucks. That is, the “Might is Right” rule seems to apply in this limited priority 
merge, with circulating cars permitting trucks to enter the roundabout at shorter 
critical gaps than cars would. Similarly, trucks entering the roundabout would be less 
likely to accept short gaps in front of other trucks, being aware of their vehicles’ 
inferior longitudinal performance. Since this site was not on a MCV designated route, 
MCVs were not included in this study. 
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Performance-Based Standards 
The National Road Transport Commission has recently overseen a series of projects 
to introduce performance-based regulation of heavy vehicles as an alternative to the 
current prescriptive-based regulation model. Significant productivity gains can be 
made in many road freight tasks by adoption of vehicles that, for one reason or 
another, fall outside the current mass and dimension regulations. By ensuring that 
the proposed vehicle meets a number of Performance-Based Standards, which it is 
argued that the prescriptive standards are surrogates for, then an alternative 
compliance scheme is available. 
A vast number of performance measures were originally proposed, many of which 
were found to be inter-related or otherwise superfluous. NRTC (2001) published a set 
of definitions for 18 safety-related and 3 infrastructure-related measures. The 
measure of most relevance to traffic impacts upon urban arterial road corridors was 
Intersection Clearance Time, requiring a vehicle to be able to accelerate from rest 
through an intersection of a given width within a specified time.  
The Intersection Clearance Time measure was subsequently replaced in NRTC 
(2003) by an Acceleration Performance Measure, requiring the vehicle to be able to 
maintain a specific level of acceleration when accelerating from rest. Notably, the 
important component of vehicle length was no longer explicitly evident in the name or 
the definition of the measure. Thus, important manoeuvres such as clearing an 
intersection or a railway level crossing may not be as adequately covered as before. 
MCV ACCELERATION 
Compared to smaller freight vehicles, MCVs are characterised by having a greater 
mass and length, but only slightly greater engine power. The resultant lower power-
to-mass ratio leads to lower acceleration capability, and ultimately towards increased 
traffic delays. 
Various relationships have been formulated to explain the longitudinal acceleration 
capability of heavy vehicles. Empirical relationships, based on limited vehicle type 
and location information may not be readily transferable to other vehicle types or 
locations. Mechanistic relationships accurately model the forces in an accelerating 
vehicle, but require a more comprehensive parameter set and often assume the 
vehicle is accelerating at the maximum possible rate. 
Empirical Relationships 
A widely used relationship assumes that acceleration decreases linearly with 
increasing speed, as given by [1]. This leads to the vehicle speed increasing up to, 
but never quite reaching, a terminal velocity. Long (2000) published an extensive set 
of parameters for this relationship, for different vehicle types over a long historical 
period. The relationship does have its maximum acceleration at zero speed, which 
has been found to be not representative of accelerating vehicles. 
b ca v= +  [1] 
where a is acceleration, 
v is speed, and 
b and c are empirical constants 
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In a study of intersection queue discharge characteristics (Akçelik and Biggs 1987), 
the accurate characterisation of the acceleration rising from zero to a maximum value 
and then decreasing was represented by a relationship modelling acceleration as a 
polynomial function of the time taken to reach the free speed [2]: 
( )2mmra 1a θ θ= −  [2] 
where θ=t/ta, 
t is elapsed time, 
ta is the duration of the acceleration, 
am is maximum acceleration, and 
r and m are empirical constants 
This relationship is well suited for acceleration up to a speed limit that is well below 
the maximum speed of the vehicle, as occurs at signalised intersection in speed-
limited urban areas. 
A study of acceleration capabilities of a range of MCVs on different grades (Haldane 
2002) utilised a simple model of acceleration decreasing linearly with time [3]: 
b ca t= +  [3] 
where a is acceleration, 
t is time, and 
b and c are empirical constants 
Although providing a good empirical fit to the data collected, it relates acceleration to 
elapsed time, rather than to speed upon which it is dependent. Further, as with 
equation [1], it has a maximum acceleration at start-up. As with the Akçelik 
relationship [2], it is only valid up to a specified time, after which the model would 
predict that the vehicle would start decelerating. 
Mechanistic Relationships 
It is possible to accurately characterise the major forces acting on an accelerating 
vehicle and hence its acceleration. By using an appropriate numerical integrator, 
speed and distance can be predicted at specified time increments. Figure 2 shows 
the major longitudinal external forces acting on a vehicle on an inclined surface. 
 
Figure 2 – Longitudinal forces acting on a vehicle moving on a grade 
Rolling Resistance, FR 
Grade Resistance, FG 
Aerodynamic Resistance, FA 
Tractive Force, FT 
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Both the aerodynamic and rolling resistances vary with vehicle speed, and 
appropriate relationships are given in SAE standard J2188 (Society of Automotive 
Engineers 1996). Grade resistance depends on the instantaneous grade which, in 
generality depends on the distance travelled by the vehicle, but often is assumed to 
be constant for a given application. 
The maximum tractive force is determined from the engine torque at the current 
engine speed and gear ratio. The current engine speed is determined from the 
current vehicle speed and gear ratio. Driveline losses are accounted for with an 
efficiency factor, as given in SAE J2188. Acceleration [4] is determined by dividing 
the net force by the effective mass, me, which accounts for the rotational inertia of the 
engine and driveline as well as the physical mass of the vehicle. 
( )T A R G
e
F F F F
a
m
− + +
=  [4] 
As the vehicle accelerates, engine speed increases to a maximum value and a gear 
change must be initiated. For a specified time the tractive force is set to zero, the 
gear ratio is then incremented and engine speed recalculated. 
Model Implementation 
The above mechanistic vehicle acceleration model has been implemented as a 
spreadsheet, being able to compute the acceleration profiles for different vehicles. 
The spreadsheet parameters sheet (Figure 3) gives the spreadsheet the ability to 
change major parameters such as vehicle mass, engine model, transmission and 
drive axle ratios, grade, aerodynamic and rolling resistances. 
 
Figure 3 – Acceleration simulation spreadsheet parameters sheet 
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The acceleration profile for a laden B-double starting from rest as predicted by the 
mechanistic model is given in Figure 4, together with the profiles predicted by the 
three empirical models presented earlier. The discontinuities due to gear changes 
are clearly visible in the mechanistic model. Parameters for the three empirical 
models were calculated by minimising the standard error in velocity predicted by the 
mechanistic model. 
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Figure 4 – Different formulations of acceleration profiles for a laden B-double 
Model Validation 
Results from the mechanistic acceleration model [4] were compared to the original 
data measured by Haldane (2002) for the formulation of the empirical equation. 
Figure 5 shows the distance plotted against time and Figure 6 shows speed plotted 
against time for the 10 repeat runs measured by Haldane for a laden B-double 
accelerating from rest, together with the simulation prediction for the mechanistic 
model. Results from the simulation are within the range of the measured results. 
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Figure 5 – Distance plotted against time for measured and simulated results 
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Figure 6 – Speed plotted against time for measured and simulated results 
The jagged nature of the measured speeds is a result of data truncations in the 
measured distances. Speed was not measured directly; rather it was calculated from 
the rate of change of distance. 
Simplified Mechanistic Model 
One of the major limitations of the above detailed mechanistic model is its lack of 
generality. By accurately characterising the acceleration through detailed modelling 
of the engine torque generated and of the mechanics of gear changes, the simulation 
is very specific to an individual vehicle’s drive train. For most traffic engineering 
purposes, this level of detail is not required and would not be representative of a 
general population of vehicles of a given class. 
Thus a simplified model was developed that retains the detailed modelling of the 
aerodynamic, rolling and grade resistances but makes several simplifying 
assumptions about the amount of tractive force that is generated. As mentioned 
earlier, in the detailed mechanistic model, gear changes were modelled by setting the 
driving force to zero for a specified time during the simulation. Gear changes are 
more frequent at low road speeds, thus the effective proportion of the maximum 
engine power that is available is lower at lower speeds. 
As suggested by Rakha and Lucic (2002), the amount of power available to 
accelerate the vehicle may be emulated by multiplying the engine rated power by a 
function that increases with road speed. Rakha and Lucic used a function that 
increased linearly with speed up to a specified value, and then assumed maximum 
power was used above that speed. Less of the available power is used at lower 
speeds in order to limit the chance of wheel spin and driveline stresses, additionally 
the frequency of gear changes is higher at lower speeds. It is proposed to use a 
continuous monotonically increasing relationship, which always is less than unity, 
between the proportion of maximum power that is available and the vehicle speed. A 
negative-exponential relationship, of the form given by [5], fits these requirements, 
and thus is proposed to be used. The adoption of this form of equation will be 
validated further as this research progresses. 
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( )MAXP η 1 exp VAVAILP v ∗ = − −   [5] 
where PAVAIL is the power available, 
PMAX is the rated engine power, 
v is speed,  
η is a driveline efficiency parameter, given by SAE J2188, and 
V* is a constant accounting for the reduced power available at lower speeds 
Power is defined the rate at which energy is produced, which is force multiplied by 
velocity. Thus the tractive force available (FT) is modelled as [6]: 
( ) ( )MAXη P 1 exp VTF v v ∗ = − −   [6] 
The power available to accelerate the vehicle and overcome resistances is plotted in 
Figure 7 as a function of vehicle speed for a rated engine power of 410 kW (500 hp) 
and a driveline efficiency of 0.91 which is typical of a tandem drive single reduction 
driveline (Society of Automotive Engineers 1996). Both the Rakha and Lucic (2002) 
and the currently proposed negative exponential relationships are presented. 
 
Figure 7 – Power plotted against speed for various acceleration models 
Using the relationships given in the SAE standard (Society of Automotive Engineers 
1996), grade resistance is constant, rolling resistance has a constant component and 
a component that increases with speed, and that aerodynamic drag increases with 
the square of road speed. Thus, equation [4] becomes the following first order 
differential equation [7]: 
( ) ( ) 21 exp V B C Da A v v v v∗ = − − − − −   [7] 
where a is acceleration, 
v is speed 
A, B, C and D are constants based on vehicle and road parameters, and 
V* is a constant accounting for the reduced power available at lower speeds 
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The derivation of this differential equation [7] and explanation of the parameters A, B, 
C and D is included in Appendix 1. The differential equation may be solved 
numerically to obtain speed and distance relationships. 
Figure 8 shows a graph of speed plotted against time for the simplified and detailed 
mechanistic acceleration models. The simplified model accurately follows the 
detailed model, with the exclusion of the discontinuities during gear changes. When 
distance was plotted against time, the two traces were indistinguishable. 
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Figure 8 – Speed plotted against time for simplified and detailed acceleration models 
This simplified mechanistic model does not require any driveline specifications; to 
model the acceleration of a vehicle only the power/mass ratio, grade and the body 
shape and size (to determine aero drag) are required. One empirical parameter is 
used to determine the rate at which maximum power becomes available. 
To validate the simplified form of the model, the data collected by Haldane (2002) 
was once again referred to. Four MCVs (B-double, A-double, A-triple and AAB-quad), 
using the same 410 kW prime mover were accelerated from rest on several grades 
(-5%, -2%, 0%, 2%, 5%). The simplified model was able to accurately predict the 
reduced acceleration capability of the heavier MCVs on level ground. It was found 
that a greater proportion of the available power was used when accelerating the 
MCVs on a positive gradient, and less when accelerating on a negative gradient. 
Thus, different values of the V* parameter in equation [5] were estimated for different 
gradients. 
By this stage, a model has been developed that is capable of predicting the 
acceleration of a given heavy vehicle, using a minimal parameter set. This model is 
capable of being applied to other uses such as gradeability and climbing lane lengths 
in rural applications; and with minor changes to deceleration performance, such as 
investigations of trucks on steep descents. 
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MCVS IN URBAN ARTERIAL TRAFFIC CORRIDORS 
Having developed a model of MCV longitudinal acceleration performance, the next 
stage of the project will be to apply the model and the knowledge acquired so far to 
the analysis of MCV impacts upon urban arterial corridor performance. Two areas of 
investigation will initially be covered: isolated signalised intersections, and signal 
linking in urban arterial traffic corridors. 
Delay at Isolated Signalised Intersections due to MCVs 
Lower acceleration capabilities of MCVs at signalised intersections would lead to a 
lower acceleration for vehicles in a traffic queue behind the MCV. This leads to 
increased delay for vehicles and to fewer vehicles able to pass through the 
intersection within the time available.  
Figure 9 shows a pair of trajectory diagrams representing the passage of vehicles 
through a queue on the approach to a signalised intersection with and without a MCV 
present. Lines represent the traces of individual vehicles through the queue, with the 
thick line on the right plot representing the trajectory of the MCV. Vehicles are 
stopped when their trajectory lines are horizontal. In the right diagram, the MCV and 
vehicles behind it accelerate at a slower rate than the lead vehicles, or if the MCV 
were not present. Additionally, the greater length of the MCV occupies more space in 
the queue than a car would, so that following cars have to travel a greater distance to 
pass through the intersection. Given that a finite time is available for cars to pass 
through the intersection, and that acceleration is limited by the slowly moving MCV in 
the queue, fewer vehicles would be expected to pass through the intersection. 
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Figure 9 – Signalised intersection trajectory diagrams without and with an MCV 
The diagrams show that the poorer acceleration capability and increased length of 
MCVs have the potential to increase delay (represented by the area of the grey 
polygon in each case), reduce throughput and increase queue length at signalised 
intersections. These two characteristics of MCVs need to be considered separately 
and together in the detailed analysis of MCV effects on signalised intersections using 
the simplified acceleration model for traffic simulation. 
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MCVs and Linked Signalised Urban Arterial Traffic Corridor Performance 
Significant improvements in urban arterial traffic corridor performance can be 
obtained through the linking and coordination of signalised intersections along an 
identified traffic corridor. Reductions in delays and increased capacity are able to be 
achieved through attempting to ensure that vehicles are able to move through the 
network requiring as few stops as possible. This linking usually assumes 
homogeneity of traffic, and the introduction of large, slow moving vehicles will serve 
to limit the effectiveness of this signal optimisation. 
Figure 10 illustrates a worst-case scenario for an MCV passing through a section of 
an arterial corridor. Despite the fact that the MCV is able to reach the design speed 
for which signals along the corridor are optimised, the time taken to reach that speed 
is such that the MCV arrives at each signal just as it turns red. The average travel 
speed of the MCV is significantly lower than the corridor design speed. The diagram 
shows cars (thin lines) readily able to pass the MCV (thick line). Was this not the 
case, the cars would be subjected to the same additional delay as the MCV. 
 
Figure 10 – Worst-case delay to a vehicle unable to keep pace with the traffic stream. 
Ogden (1991) reported that an examination of the SCRAM signal linking system in 
Melbourne found that: 
• Truck speed profiles were lower than those assumed, resulting in trucks falling 
behind the required rate of progression, leading to delay, or pressure to 
exceed speed limits (or disregard traffic signals), 
• The direction favoured by signal linking often is not the peak direction of truck 
traffic, 
• No preferential treatment of trucks is offered by signal linking strategies, and 
• In saturated conditions no effective traffic linking takes place in the peak 
direction. In this particular case a strategy could be introduced to assist 
counter-peak traffic, which may offer benefits to trucks 
 
Based on these findings, it was suggested by Ogden that trucks would benefit from 
signal linking by: 
• Linking based on truck speeds, 
• Linking high-volume truck turning movements, 
time 
distance 
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• Linking on the basis of counterpeak travel times when congestion in the peak 
direction precludes linking, 
• Minimising the density of signals (signals per kilometre), and 
• Reducing cycle times as far as possible 
 
The simplified model will be used in this research as the basis of traffic simulations to 
investigate these measures. 
CONCLUSIONS 
The options suggested by Ogden serve as a useful place to start consideration of 
various scenarios for facilitating the travel of MCVs through urban arterial networks. 
The vehicle acceleration model that has been developed, in conjunction with 
appropriate signalised intersection modelling, will enable an objective quantification 
of the impacts of MCVs on urban arterial traffic corridor performance, and 
investigation of options for the minimisation of those impacts. 
Comments on this paper and on the project in general are welcomed by the authors. 
REFERENCES 
ABS. (1972-2003) Survey of motor vehicle use. Series 9208.0, Australian Bureau of Statistics, 
Canberra, ACT. 
Akçelik, R. and Biggs, D. C. (1987) Acceleration profile models for vehicles in road traffic. 
Transportation Science, 21(1), 36-54. 
Benekohal, R. F. and Zhao, W. (2000) Delay-based passenger car equivalents for trucks at signalized 
intersections. Transportation Research Part A: Policy and Practice, 34(6), 437-457. 
BTRE. (2002) Greenhouse gas emissions from transport: Australian trends to 2020. BTRE Report 
107, Bureau of Transport and Regional Economics, Canberra, ACT. 
Cuddon, A. P. and Ogden, K. W. (1992) The effect of heavy vehicles on saturation flows at signalised 
intersections. 16th Australian Road Research Board conference, Perth, Western Australia, pp. 
1-18. 
Haldane, M. J. (2002) Assessing the impacts of multi-combination vehicles on traffic operation. Master 
of Engineering (Research) Thesis, Queensland University of Technology, Brisbane, Qld. 
Haldane, M. J. and Bunker, J. M. (2002) Examining the impact of large freight vehicles on signalised 
intersection operation. AITPM National Conference, Perth, Western Australia. 
Long, G. (2000) Acceleration characteristics of starting vehicles. Transportation Research Record No. 
1737, Geometric Design and Effects on Traffic Operations 2000, pp. 58-70. Transportation 
Research Board, National Research Council, Washington, DC, United States. 
Miller, A. J. (1968) The capacity of signalised intersections in Australia. Research Bulletin 3, Australian 
Road Research Board. 
Molina, C. J. (1987) Development of passenger car equivalents for large trucks at signalized 
intersections. ITE Journal, 57(11), 33-37. 
NAASRA. (1985) Review of road vehicle limits for vehicles using Australian roads. National 
Association of Australian State Road Authorities, Sydney. 
NRTC. (2001) Definition of potential performance measures and initial standards. Discussion Paper, 
National Road Transport Commission, Melbourne. 
NRTC. (2003) PBS safety standards for heavy vehicles. Discussion Paper, National Road Transport 
Commission, Melbourne, Vic. 
Ogden, K. W. (1991) Truck movement and access in urban areas. Journal of Transportation 
Engineering, 117(1), 71-90. 
Acceleration of Multi‑Combination Vehicles in Urban Arterial Traffic Corridors Ramsay and Bunker 
16  Road System & Engineering Technology Forum – August 2003 
Rakha, H. and Lucic, I. (2002) Variable power vehicle dynamics model for estimating truck 
accelerations. Journal of Transportation Engineering, 128(5), 412-419. 
Society of Automotive Engineers. (1996) Commercial truck and bus SAE recommended procedure for 
vehicle performance prediction and charting. Surface Vehicle Recommended Practice J2188, 
Society of Automotive Engineers, Warrendale, PA, United States. 
TRB. (2000) Highway Capacity Manual, Transportation Research Board, National Research Council, 
Washington, DC, United States. 
Troutbeck, R. J. (1993) Effect of heavy vehicles at Australian traffic circles and unsignalized 
intersections. Transportation Research Record No. 1398, Traffic Flow and Highway Capacity, 
pp. 54-60. Transportation Research Board, National Research Council, Washington, DC, 
United States. 
 
AUTHOR BIOGRAPHIES 
Euan Ramsay 
Euan completed his Bachelor of Engineering (Mechanical) (Hons) at the University of 
Melbourne in 1987. He then commenced working for the Australian Road Research 
Board, investigating heavy vehicle vibration levels and pavement impacts. In 1989, 
he moved to computing services at ARRB, managing personal computer support and 
the commissioning of a new mainframe computer. 1991 saw a return to the transport 
research field, working on travel demand management measures, and the 
effectiveness of variable message signs. Increasing demand for vehicle simulation 
expertise saw him return to the heavy vehicle dynamics area at ARRB Transport 
Research, primarily investigating the dynamic performance characteristics of road 
trains and other multi-combination vehicles. Following this, he worked for a Brisbane-
based engineering consultancy investigating performance-based regulation of heavy 
vehicle weights and dimensions. In 2002, these areas of expertise in heavy vehicles 
and traffic modelling were merged with the commencement of a PhD study into the 
Traffic-related Impacts of Large Freight Vehicles on Urban Arterial Traffic Corridors. 
Jonathan Bunker 
Jon completed his Bachelor of Engineering (Civil) (Hons) in 1991, and Doctor of 
Philosophy on Microscopic Modelling of Freeway Operations in 1995, both at QUT. 
For five years he practiced as a consulting transport engineer with Kittelson & 
Associates, Inc. in Portland, Oregon, and sister firm Eppell Olsen & Partners in 
Brisbane, undertaking development transport planning, urban and regional integrated 
transport planning, road hierarchy and network analysis studies, design of transport 
facilities, and public engagement activities. He contributed with Kittelson & 
Associates to the development of Roundabouts, An Information Guide for the US 
FHWA. Jon is now Lecturer in Transport Engineering in the School of Civil 
Engineering, QUT. He teaches and coordinates transport engineering/planning and 
professional studies courses at undergraduate and postgraduate levels. Jon is 
currently active on numerous research projects including pavement asset 
management, heavy vehicle management, freeway operation, and freight logistics, 
and in-vehicle technologies. 
Ramsay and Bunker Acceleration of Multi‑Combination Vehicles in Urban Arterial Traffic Corridors 
Road System & Engineering Technology Forum – August 2003  17 
APPENDIX 1 – DERIVATION OF THE SIMPLIFIED 
MECHANISTIC ACCELERATION MODEL 
Referring to Figure 2 in the body of this paper, a vehicle in motion on an inclined road 
is subject to several longitudinal forces: 
FT is the tractive force available at the driving wheels to overcome resistance forces 
and accelerate the vehicle. Since power is defined as force multiplied by velocity, and 
assuming that accessory and driveline losses can be accounted for by an efficiency 
factor, η, and that a fraction (depending on vehicle speed) of the rated engine power 
is used, then the tractive force FT can be given by equation [6] in the main body of 
the paper: 
( ) ( )MAXη P 1 exp VTF v v ∗ = − −   
Relationships for the various resistance forces opposing this tractive force are 
defined in SAE J2188 (Society of Automotive Engineers, 1996): 
FA is the aerodynamic resistance force acting upon the vehicle. It is assumed to 
increase linearly with the square of the speed of the vehicle relative to the air. In the 
absence of any headwind or tailwind, the aerodynamic resistance force is defined as: 
( ) 2D12 ρC aAF v=  
where ρ is the density of air (1.225 kg/m³ at sea level),  
 CD is the aerodynamic drag coefficient (typically 0.64, SAE J2188 gives 
other values for more or less streamlined vehicles),  
 a is the vehicle cross-sectional area (for example 10m² for a 2.5m wide, 
4.0 m high vehicle), and 
 v is the velocity of the vehicle (m/s) 
 
FR is the rolling resistance force acting upon the vehicle. Using the relationship given 
in SAE J2188, the rolling resistance force has a constant component and a 
component that increases linearly with speed. The rolling resistance force is defined 
as: 
( )1 2SC RC +RC mgRF v=  
where SC is the road surface coefficient (1 for excellent concrete, 1.7 for fair 
asphalt, and other values as given by SAE J2188),  
 RC1 is the constant component of the rolling resistance coefficient 
(SAE J2188 uses a value of 0.0041 for radial ply tyres), 
 RC2 is the speed-varying component of the rolling resistance coefficient 
(SAE J2188 uses a value of 9.17x10-5 s/m for radial tyres), 
 m is the mass of the vehicle (kg), 
 g is acceleration due to gravity (9.81 m/s²), and 
 v is the velocity of the vehicle (m/s) 
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FG is the grade resistance force acting upon the vehicle, defined as: 
mg sinθGF =  
where m is the mass of the vehicle (kg), 
 g is acceleration due to gravity (9.81 m/s²), and 
 θ is the angle of the incline of the road surface (given that road gradients 
are commonly expressed in percentage grade, G, then θ=atan(G/100) 
 
The longitudinal acceleration of the vehicle is given by equation [4] in the main body 
of the report: 
( )
em
T A R GF F F F
a
− + +
=  
Using the above relationships for the tractive and resistance forces, this becomes 
( ) ( ) ( ) ( ) ( )2MAX D 1 2
e
1
2η P 1 exp V ρC a SC RC +RC mg-mg sin atan G 100
m
v v v v
a
∗ 
− − − −    
=  
The effective mass, me, accounts for the additional effect of having to accelerate the 
rotational inertias of the engine, driveline and wheels of the vehicle as its velocity 
increases. me is always slightly greater than the vehicle mass, m. 
emµ= 1
m
>  
Noting that these terms depend solely on the velocity of the vehicle, the following four 
coefficients, which are combinations of readily explainable vehicle parameters, can 
explain this relationship, given as equation [7] in the main body of the paper: 
( ) ( ) 2A 1 exp V B C Da v v v v∗ = − − − − −   
where: 
MAXηPA
µm
=  
( ){ }1SC×RC +sin atan G 100 gB=
µ
  
 
2SC×RC gC=
µ
 
and 
DρC aD=
2µm
 
